Introduction: Converging clinical and biological evidence suggest sex is an important factor when selecting a pharmacological intervention for smoking cessation. The current investigation used network meta-analyses to estimate sex differences in the comparative efficacy of transdermal nicotine (TN), varenicline, and sustained release (SR) bupropion for smoking cessation. Methods: Systematically searched previously published reviews and databases (Medline, PsycINFO, Embase) of randomized, double-blind, placebo-controlled trials of bupropion-SR, TN, and varenicline for cigarette smoking cessation in primary care/general community samples were included. Results: Thirty-two studies met all criteria and 28 (88%) were included in the final analyses, representing 14 389 smokers (51% female). Results of the full sample (women and men combined) mirrored those from a Cochrane Tobacco Addiction Group network meta-analysis of smoking cessation pharmacotherapy, showing VAR>TN=BUP. All medications improved quit rates over placebo for both women and men. Relative to placebo, varenicline efficacy was similar for women and men. Significant sex differences were evident when comparing varenicline versus TN and varenicline versus bupropion. For women, varenicline was more efficacious than TN (RR = 1.41; 95% CI = 1.12,1.76) and bupropion (RR = 1.38; 95% CI = 1.08,1.77). For men, outcomes for those treated with TN and bupropion were similar to those treated with varenicline. There were no differences in efficacy when comparing bupropion versus TN. Conclusions: The advantage of varenicline over bupropion SR and TN is greater for women than men. Clinicians should strongly consider varenicline as the first option treatment for women. Among men, the advantage of varenicline over TN or bupropion is less clear. Implications: This study provides information for the sex-informed treatment of nicotine addiction among cigarette smokers. Relative to placebo, women and men achieved similar outcomes when treated with varenicline; however the advantages of varenicline over transdermal patch and bupropion were greater for women compared to men.
Introduction
Despite continuing declines in cigarette smoking, approximately one out of every six adults in the United States continues to smoke, 1 and smoking remains the leading cause of preventable death in the United States, killing approximately 556 000 Americans per year. 2, 3 Pharmacotherapy can help smokers quit, 4 ,5 yet the likelihood of successfully quitting remains very low. 6 There are currently three types of FDA approved pharmacotherapies for smoking cessation: five variants of nicotine replacement therapy (NRT; transdermal nicotine [TN] , gum, lozenge, nasal spray, oral inhaler), varenicline, and sustained release (SR) bupropion. A recent network meta-analysis and overview conducted by the Cochrane Tobacco Addiction Group which was not sex-specific concluded that each medication improved the likelihood of cessation relative to placebo (NRT: odds ratio [OR] = 1.84; varenicline: OR = 2.88; bupropion: OR = 1.82). 5 In head-to-head comparisons, varenicline was more efficacious than NRT (OR = 1.57) and bupropion (OR = 1.59), with no difference in efficacy between NRT and bupropion. 5 Empirical evidence identifies meaningful sex differences in smoking cessation medication efficacy, with hypothesized mechanisms related to sex differences in smoking and metabolism of smoking cessation pharmacotherapy. In a meta-analysis, Perkins and Scott 7 found that TN was 40% more efficacious for men compared to women at 6-months post quit attempt. McKee and colleagues 8 recently published a meta-analysis of varenicline clinical trials, finding greater efficacy for women compared to men at the end of treatment and at 6-months (46% more efficacious at end of treatment; 34% more efficacious at 6-months). In their meta-analysis of bupropion trials, Scharf and Shiffman 9 found no difference in the efficacy by sex at end of treatment, although rates of quitting were lower overall among women. These previous meta-analyses were limited to examining sex differences for individual medications. While findings provided evidence for clinically meaningful sex differences, none included sex-specific head-to-head comparisons of medication efficacy. Consequently, existing literature provides limited information for tailoring clinical decisions based on the cigarette smoker's sex. If important sex differences exist, the ability to tailor decisions to these differences will improve smoking cessation rates for both women and men.
We conducted a sex-specific network meta-analysis to compare the efficacy of TN, bupropion SR, and varenicline for smoking cessation in primary care and community volunteer clinical trials. We included only randomized, double-blind, placebo controlled trials. Our outcome of interest was biochemically verified abstinence at 6-months post quit attempt. Based on the above noted empirical evidence, we hypothesized that varenicline and bupropion would be more efficacious than TN for women, and that varenicline would be more efficacious than both TN and bupropion for men.
Methods

Search Procedures, Inclusion Criterion, and Data Extraction
For each medication, we initially identified studies for inclusion from previously published meta-analyses of sex differences in medication efficacy known to the authors. [7] [8] [9] Using AMSTAR criteria 10 we determined the search strategies of the original reviews were of sufficient quality to not need repeating for the time-period covered in each review. We then updated our sample of trials by conducting systematic literature searches (in MEDLINE, Embase, and PyscINFO) for the time period since the publication of prior reviews. Searches were initially conducted between January and November 2015, and verified for completeness in December 2015.
For TN we searched titles, abstracts, and key words for ((transdermal nicotine patch OR nicotine patch) AND smoking), limiting the search to trials published from 2008 to 2015 (ie, the time period since Perkins and Scott 7 published their meta-analysis of sex differences in TN efficacy). For bupropion we used the search terms: ((bupropion SR OR sustained-release bupropion OR Zyban OR Wellbutrin) AND smoking), limiting the search to 2004-2015. For varenicline we used the search terms ((varenicline OR Chantix OR Champix) AND smoking), limiting the search to 2014-2015.
Our inclusion criteria were designed to maximize the internal validity of comparisons by generating a sample of studies generally consistent in methods and sample. The inclusion criteria were as follows: (1) randomized, double-blind, placebo-controlled trial of one of the three medications of interest for cigarette smoking cessation (ie, not other forms of tobacco/nicotine); (2) primary care or general community participants; (3) treatment with only a medication of interest and a matched placebo condition of only placebo, with the exception that treatment could include behavioral counseling if both treatment and placebo participants received the same counseling; (4) the medication was offered as the first-line treatment (eg, we excluded studies where non-responders to an initial medication were then randomized to the medication of interest, and re-treatment investigations); (5) biochemically confirmed abstinence at 6-months post quit date (point-prevalence abstinence when available, continuous when not; see following paragraph); (6) inclusion of men and women; (7) all analytic cells had sample sizes > 0; (8) exclusion of those with serious acute mental health, physical health, or substance use disorders; and (9) adults 18 and older.
We elected to use point prevalence abstinence as our primary outcome, then used continuous abstinence if point prevalence was not available. Although continuous measures of abstinence have been recommended as the standard for smoking cessation clinical trials, 11 these recommendations have also acknowledged that many smokers "slip-up" during an abstinence attempt and that requiring smokers to remain completely abstinent for a continuous abstinence outcome may be overly strict. Several of the clinical trials included in this review employed an overly strict definition of continuous abstinence, leading to our decision to use point prevalence. However, it is important to note that empirical data suggest there is little practical difference between analyzing point prevalence versus continuous abstinence data. A recent review of smoking cessation clinical trials found that relative risk and OR estimates comparing active versus control conditions were identical when using point prevalence versus continuous abstinence. 12 For each medication's literature review, two independent reviewers examined all abstracts and identified publications for potential inclusion, based on study inclusion criteria. We included any abstract identified by either reviewer in a full publication review to make final decisions on manuscript inclusion. Two reviewers than separately reviewed each full publication and independently determined whether each publication met our inclusion criteria. We computed kappa agreement statistics, and then disagreements were resolved between the two reviewers.
Selected studies were added to those identified through previous meta-analyses, and the following data were extracted into a standardized form: country, study design, participants, proportion female, inclusion/exclusion criteria, randomization procedure, allocation concealment procedure, blinding procedure, treatment regimen, outcome measurement, attrition details, counseling regimen, and results. When results were not presented by sex in a manuscript, authors were contacted in an attempt to acquire additional data. Pharmaceutical industry representatives were also contacted for additional data.
Analyses
We utilized network meta-analysis to generate sex-specific indirect head-to-head comparisons of treatments. Network meta-analysis deviates from traditional meta-analysis by using indirect rather than direct comparisons between therapies. For example, if there are three treatments in a head-to-head comparison (A, B, and C), a traditional meta-analysis would only include multi-armed investigations in which these three treatments were directly compared (A vs. B vs. C). In network meta-analyses, comparisons between A versus C are estimated from trials comparing A versus B and trials comparing B versus C. 13 For the current investigation, placebo treatment groups served as an anchor from which indirect comparisons between varenicline, bupropion, and TN were inferred. Although previous meta-analyses did not examine sex differences, network meta-analysis has been successfully used to compare the relative efficacy of NRT, bupropion, and varenicline by the Cochrane Tobacco Addiction Group. 5 Network meta-analyses assume that the indirect comparisons equal the direct comparisons. In practice, this "consistency assumption" is unlikely to be strictly met, resulting in the development of methods to analytically account for inconsistency. For the current investigation, we followed methods published by Salanti et al., 13 utilizing an arms-based method of comparison and accounting for inconsistency by specifying random effects in the multivariate meta-analytic model, nesting multi-arm comparisons within study. We were unable to conduct direct comparison meta-analyses due to the small number of original multi-arm trials with sex-specific abstinence rates meeting inclusion criteria (n = 4).
All analyses were conducted using the Metafor program in R.
14 Treatment results were coded as the natural logarithm of the probability of abstinence in each treatment group, using the logarithmic risk ratio for comparisons. Effect sizes were weighted using the inverse variance method. 15 We tested sex differences in comparisons by including sex × comparison interactions in an arms-based network meta-analysis model, specifying random effects for treatment arm. We then computed separate models of treatment comparisons for women only, men only, and women and men combined.
We included behavioral counseling as a control variable in all models, due to prior evidence of smoking cessation effect size variance by sex and treatment with or without counseling. 7 Studies in which behavioral counseling was a formal component of the treatment regimen, beyond brief advice or counseling (usually multiple sessions lasting at least 20 minutes), were coded as 1, others were coded as 0.
In order to validate our sample of studies, we first conducted analyses for men and women combined, and compared our results to a previously published Cochrane network meta-analysis for smoking cessation pharmacotherapy. For these analyses, we alternatively used the OR as our effect size to be consistent with the Cochrane review.
Given that we were unable to obtain sex-specific results from a proportion of eligible bupropion studies, we also conducted analyses to validate that our bupropion sample was representative of all eligible studies. We compared results for men and women combined for the studies included in our meta-analysis to results for men and women combined from all eligible studies. We then conducted our primary analyses, examining sex-specific comparisons of medication efficacy.
Results
Search Results
A flow diagram of search results is depicted in Figure 1 . Our review included 28 of 32 eligible investigations identified for inclusion (88%). Four of these investigations included multiple active treatment arms, and therefore in some cases search results presented below overlap for different medications. For TN, 12 investigations from previous meta-analyses met all study inclusion criteria, all of which were included in the current investigation. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Our search provided an additional 371 abstracts for review, 14 of which were considered for further review. Three of these met all inclusion criteria [28] [29] [30] (κ = 1.0). Study authors provided summary data for each trial. In sum our review included data from 15 active TN arms (100% inclusion) with a combined sample size of n = 3882 (women: n = 2021; men: n = 1861).
For varenicline, seven investigations from a previous meta-analysis met inclusion criteria. [31] [32] [33] [34] [35] [36] [37] Summary data for each trial were provided by Pfizer, Inc. 8 Our literature search generated 58 abstracts, two of which met all inclusion criterion 30, 38 (κ = 1.0). Study authors provided data for both additional investigations. In sum our review included nine varenicline treatment arms (100% inclusion) with a sample size of n = 2530 (women: n = 1087; men: n = 1443). For bupropion SR, four investigations from a previous metaanalysis met all study inclusion criterion. [39] [40] [41] [42] We were unable to obtain sex-specific results from one trial. 41 For a second trial, 22 we imputed sex-specific data from the 52-week outcome, based on the observation of little change in abstinence between 26-52 weeks (see Table 1 for method of imputation). We computed models both with and without this trial (see "Sensitivity Analyses"). Our literature review identified 226 additional abstracts, 18 of which were included in a full manuscript review. Eight of these met all inclusion criteria (κ = 1.0). 29, 32, 33, 38, [43] [44] [45] [46] Three trials were not able to be included because we were unable to obtain data from pharmaceutical companies. 32, 33, 44 Authors provided summary data for the remaining five trials. In total, we included nine bupropion SR active treatment arms from eight investigations out of a possible 12 (67% inclusion) for a combined sample size of n = 1971 (women: n = 1138; men: n = 833 men). See "Sensitivity Analysis" for an evaluation of the representativeness of our bupropion SR sample.
In addition to the treatment arms noted above, the included investigations generated a combined placebo treatment sample of n = 6006 (women: n = 3136; men: n = 2870) from 28 investigations. See "Sensitivity Analysis" for an evaluation of the effect of combining placebo treatment arms from trials of different medications.
Study Characteristics and Bias Assessment
Studies included in this review are summarized in Supplementary  Table S1 , alongside judgments for risk of bias. For risk assessment, we evaluated studies on four criteria: randomization procedure, allocation concealment, blinding procedure, and attrition. 5, 47 All included trials were randomized, double-blind, placebo controlled trials; however, consistent with methods published by the Cochrane Tobacco Group 5,47 studies were deemed to have unclear risk of bias if authors did not describe methods for randomization, allocation concealment, or blinding in detail. 5, 47 Studies were also considered to have unclear risk of bias if attrition was not fully reported. When possible we deferred to previously published Cochrane metaanalyses for risk of bias assessment. 5, 47 Unclear risk of bias, due to insufficiently described methods, was present in 10 (of 28) trials for randomization, 13 trials for allocation concealment, 15 trials for blinding, and four trials for attrition.
Sample Validation
To validate our sample, we compared our results for women and men combined ( Figure 2 ) to a previously published Cochrane network meta-analysis of smoking cessation pharmacotherapy. 5 Comparisons were made using ORs rather than relative risk (RR) because ORs were reported in the Cochrane review. In the current investigation, in comparison to placebo, the ORs and 95% confidence intervals (CI) for varenicline, TN, and bupropion were: 2. 64 (2.14, 3.26 , 1.13) . In summary, all differences between this meta-analytic sample and the previous Cochrane sample were small or negligible, suggesting our sample was representative of varenicline, bupropion SR, and TN clinical trials. The small differences between this study and the Cochrane sample were likely the result of our more strict inclusion criteria, as well as differences in the timeframe of the outcome measure (6 months vs. 6+ months) and primary use of point prevalence versus continuous abstinence.
In order to evaluate the representativeness of our bupropion SR trials, we acquired sex-combined outcome data from the four studies for which we were not able to retrieve sex-specific findings. We then compared sex-combined results from our eight included trials to those from all 12 identified studies. The results comparing bupropion to placebo from our included sample of trials were: RR = 1.54 (95% CI = 1.24, 1.93). The results from all identified studies were: RR = 1.62 (95% CI = 1.38, 1.91). The consistency of results between our included investigations and the full sample of identified studies supports the representativeness of our bupropion sample. Table 1 shows risk ratios and 95% CI for sex by treatment comparison interactions. There were significant (p < .05) sex differences for the comparisons between varenicline versus TN (RR=1.19, 95% CI = 1.01, 1.40) and varenicline versus bupropion (RR = 1.22, 95% CI = 1.02, 1.47). Sex-specific meta-analytic RRs and 95% CIs for head-to-head comparisons are illustrated using a forest plot in Figure 2 . The results are alternatively presented in Figure 3 , showing each medication's comparison to placebo, and the significance of relative differences in comparison to placebo, by sex.
Network Analyses
Women
In head-to-head comparisons, varenicline significantly outperformed both TN and bupropion (Figure 2) . The difference between bupropion and TN was negligible and non-significant. The meta-analytic residual heterogeneity among effect sizes was 12% (Q 30 = 34.03). Relative to placebo, all three medications significantly increased the odds of 6-month abstinence.
Men
All head-to-head comparison differences were small and were statistically non-significant (Figure 2) . The meta-analytic residual heterogeneity among effect sizes was 32% (Q 30 = 43.93). Relative to placebo, all 3 medications significantly increased the odds of 6-month abstinence.
Sensitivity Analyses
Meta-analytic results were not substantively affected by the following study sample manipulations: (1) removing six TN trials with dosages less than 21 mg over 24 hours for at least some participants, 16, [18] [19] [20] 23, 28 (2) removing one bupropion treatment arm for which we imputed results, 22 (3) removing two investigations in which samples were selected based on cigarettes per day (one bupropion study of light smokers, 43 one TN study of heavy smokers 25 ), and (4) removing seven TN trials that measured sustained abstinence rather than point-prevalence abstinence. 16, 18, 20, 21, [23] [24] [25] We also conducted analyses without controlling for counseling, which did not have a meaningful effect on study findings.
In order to examine the impact of combining different placebo types into a single placebo control arm, we evaluated separate models for each medication, comparing each active treatment group to only placebo groups from that treatment's corresponding studies (eg, TN abstinence rates vs. placebo patch abstinence rates). Results were highly consistent with those from the fully combined network metaanalysis models for men, women, and combined samples, providing evidence that sample inconsistency did not have a large impact on study findings.
Discussion
Compared to placebo, women and men treated with varenicline achieved similar cessation outcomes at 6 months; however, the benefits of varenicline over TN and bupropion SR were greater for women compared to men. Women treated with varenicline were 41% more likely to achieve 6-month abstinence compared to women treated with TN, and were 38% more likely to achieve 6-month abstinence than women treated with bupropion. For men, the benefit of varenicline over TN (16%) and bupropion (11%) were smaller and were not statistically significant. There was no sex difference in the relative efficacy of TN in comparison to bupropion; for both women and men, differences between the two medications were negligible. Based on placebo comparisons, the pattern of findings for sex differences were the result of roughly equivalent efficacy of varenicline for women and men, combined with lower efficacy of TN and bupropion for women compared to men.
Results from our full sample, with women and men combined, closely followed those from a previously published network metaanalysis published by the Cochrane Tobacco Addiction Group, validating the representativeness of our sample of studies. The Cochrane review used continuous abstinence and our review used point prevalence, supporting the interchangeability of outcome selection. Our results suggest that combining men and women for analyses had the effect of underestimating the relative benefit of varenicline over bupropion and TN for women, while overestimating differences in efficacy for men.
Examination of the residual effect-size heterogeneity in metaanalytic models (I 2 ) from the full model compared to separate models for women and men further demonstrated the importance of examining women and men separately. Residual heterogeneity was reduced from 49% when women and men were combined to 12% for women and 32% for men when considered separately. These results suggest sex contributes to variation in effect size between investigations, and that findings are more consistent between studies when women and men are considered separately.
Our findings support the use of varenicline as the first option treatment for women who are trying to quit smoking. The advantage of varenicline over both bupropion and TN may be the result of sex differences in metabolism of smoking cessation pharmacotherapy. Both nicotine and bupropion 48 undergo substantial hepatic metabolism via cytochrome P450 CYP2B6 enzymes, and prior studies have demonstrated greater CYP2B6 function in women compared to men. 49, 50 Regarding nicotine, empirical investigations have shown women metabolize nicotine at a faster rate than men, 51, 52 and that faster metabolizers have poorer smoking cessation outcomes with TN. 30, 53 Despite the potential for sex differences in bupropion metabolism, these differences are less well studied. Contrarily, varenicline does not undergo significant CYP enzyme metabolism, 54 and has demonstrated similar pharmacokinetic properties for women and men.
In addition to potential metabolism-related mechanisms, women are more influenced by non-pharmacologic drivers of cigarette smoking (eg, negative affect, smoking-related cues), while men are more influenced by the pharmacological effects of nicotine. 55 Varenicline has demonstrated efficacy for reducing cue reactivity 56 and is minimally metabolized, 30, 54 making it a potentially potent medication for women attempting to quit. Further, women versus men smokers have lower availability of beta2 nicotinic acetylcholine receptors (nAChRs) compared to sex-matched nonsmokers. 57 That is, it appears that female tobacco smokers do not show the nicotine-induced up-regulation of beta2-nAChRs that has been widely reported in the preclinical and postmortem literature. 58 It is hypothesized that nicotine replacement may be less effective in women as there are fewer available beta2 receptors for NRT to occupy. While preclinical studies have shown that both nicotine and varenicline have similar effects on nAChR function, 59 these studies were restricted to male mice. It is unknown whether varenicline produces sexually dimorphic effects on nicotinic receptor function.
We had anticipated greater efficacy for bupropion compared to TN for women, based on evidence that bupropion reduces negativeaffect related withdrawal. 38 However, negative affect reduction may only account for a small proportion of bupropion's efficacy as a smoking cessation aid. 60 The mechanisms through which bupropion SR aids in smoking cessation are not fully understood. Bupropion acts both as a dopamine re-uptake inhibitor as well as a non-competitive antagonist of nicotinic acetylcholine receptors. 61 A review of bupropion for smoking cessation concluded the medication may work by mimicking nicotine, thus reducing withdrawal and simulating its reinforcing effects. 61 It is hypothesized that men's smoking is more dependent on nicotine-based reinforcement, whereas women's smoking is more strongly tied to affect regulation. 62, 63 Results from the current investigation, showing no difference between bupropion and TN for men or women, are consistent with such a mechanism.
Among men, based on placebo comparisons, varenicline appeared to be most efficacious, with a risk ratio of 1.96, compared to 1.69 for TN and 1.76 for bupropion. However, this difference in risk ratios may be misleading, given the exponential scale of the measure. Head-to-head comparisons demonstrated the advantages of varenicline over TN and bupropion were small (16% and 11%, respectively) and did not reach statistical significance in our analyses. Consequently the clinical implications of these meta-analytic findings for men are less clear. With less of a difference between medications compared to women, treatment decisions may be more strongly influenced by other factors such as potential contraindications, patient experience and preference, and medication availability.
Clinicians and smokers may be concerned about reports of neuropsychiatric adverse events associated with the use of varenicline. The medication carries a black box warning label from the FDA stemming from early post-marketing reports of adverse psychiatric events (eg, suicide, aggression) among users. 64 Although investigation of adverse effects associated with varenicline use for smoking cessation is ongoing, a number of large scale studies have not substantiated the presence of increased risk for neuropsychiatric adverse events. [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] For example, recently reported results from a study of smokers with (n = 4074) and without (n = 3984) psychiatric disorders demonstrated no evidence of neuropsychiatric adverse events included suicidal ideation and behaviors. 80 Although clinicians should be aware of the potential for important rare affect-related risks associated with varenicline use, greater transparency of scientific information will aid both clinicians and consumers when making treatment decisions. 75 There are limitations of this investigation to consider. Four of 12 eligible bupropion trials were not included due to an inability to acquire sex-specific results, highlighting the importance of including sex-specific results in original publications. However, we provided evidence that our sample of bupropion studies was representative of all that met inclusion criteria. Further, our sex-combined results were highly consistent with those from a previous network meta-analysis of smoking cessation medications by the Cochrane Tobacco Group. 5 For example, relative to placebo, this previous meta-analysis found ORs of 1.80 for NRT, 1.82 for bupropion, and 2.88 for varenicline, compared to corresponding figures of 1.81, 1.80, and 2.64, respectively, from the current investigation.
We did not include forms of NRT other than TN in our review. This decision was based on the availability of previously published meta-analytic data on sex-specific abstinence rates for TN trials dating back to the 1990s which were unavailable for the other formulations of NRT. The Cochrane Tobacco Group previously found little difference in efficacy between various formulations of NRT, 5 bolstering confidence that TN is an adequate marker for other NRT. TN is also the most commonly used form of NRT. 4 While combined NRT 81 is becoming the standard of care option for NRT, we made an a priori decision to not include combination NRT. This decision was the result of an insufficient number of eligible trials for adequately powered sex-specific analyses. A PubMed review identified only one trial meeting all eligibility criteria. 29 Sex-specific analyses of combination NRT will become more feasible and valid as more trials are conducted.
Our study was a network analysis by design and therefore all comparisons between medications were indirect. We were unable to conduct direct comparison meta-analyses due to the small number of original multi-arm trials with sex-specific abstinence rates meeting inclusion criteria (n = 4). To account for potential inconsistencies between study samples, we employed previously validated analytic techniques. However, the results should be treated as retrospective and observational, 13 and consequently we cannot rule out the possibility of residual confounding bias impacting the study results.
The sample was restricted to trials involving primary care and general community participants, limiting the ability to generalize findings to specific groups of cigarette smokers, such as those with specific mental or physical health concerns. None of the studies in the meta-analysis accounted for or examined differences by menstrual cycle, hormone levels, or pre versus post-menopausal status among women, which may affect treatment outcomes.
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Conclusion
This investigation highlights the broad importance of the inclusion and reporting of sex-specific results in clinical trials, even when statistically significant differences are not found. Such practices will aid in future attempts to synthesize evidence of sex differences across investigations and improve treatment for both men and women. This study's results provide novel guidance for the sex-specific treatment of smoking. While women and men achieved similar cessation outcomes relative to placebo when treated with varenicline, varenicline significantly outperformed bupropion and TN among women but not men. These findings identify varenicline as a particularly potent first option treatment for women. Among men, the advantage of varenicline over bupropion or TN is less clear.
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